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(57) Abstract 

A cryosurgical system (2) and method accurately locates, relative to a defined internal area of a living body, an ultrasonic probe 
and, using a stereotactic guide (110) a series of cooling probes (8) and temperature probes (36), then presents in the same visual field an 
integrated ultrasonic and temperature display (40) to assist the surgeon in accurately sculpting and limiting the field of cooling. 
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CRYOSURGICAL INTEGRATED CONTROL 
MONITORING SYSTEM AND METHOD 

Technical Field 

5 The present invention relates to a cryosurgical integrated 

control monitoring system , method, probe and guide, particularly 
one employing a plurality of cryogenic probes and temperature 
probes, accurately placed in part by use of a unique guide, to 
effect the controlled cooling, usually beyond freezing, of a 
10 defined internal area of a living body. 

Background Of The Invention 

Cryosurgical procedures have been known and used for 
decades. In general, using earlier techniques it has been 
difficult or impossible to sculpt a particular temperature 

15 gradient, or frozen area, especially within a living body. In 
recent years a cryogenic system has been introduced that provides 
a plurality of cryogenic probes designed to apply extremely low 
temperatures to a small zone of tissue at their tips. By 
accurately placing these probes and controlling the cooling 

20 applied to the tissue by each probe, it is possible to sculpt 
particular shapes or zones of cooling or freezing within a living 
body. In the recent past, some of these probes have been placed 
using an ultrasonic system and a stereotactic guide. The 
ultrasonic system also permits monitoring, at least in a general 

25 fashion, of the resulting frozen area produced by the cryogenic 
probes . 
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Cryogenic techniques appear to offer significant promise for 
various surgical procedures. For example, by using them in 
general it is possible to freeze an entire gland, such as the 
prostate gland. This freezing appears to not only kill the 
5 gland, and any cancerous regions it may incorporate, but also to 
freeze and kill cancerous extensions adjacent to the gland. 
Because of this, cryogenic procedures may offer significant 
therapeutic advantages . 

But cryosurgery offers significant challenges. For prostate 

10 cryosurgery, ultrasound is currently used to monitor and control 
the freezing process. When an ice ball forms, ultrasonically it 
becomes black, and only the leading edge can be seen on 
ultrasound. It appears as a white line and represents 0*C; the 
black area just behind the white line represents -15 *C. But 

15 water can supercool to between -15 °C to -44 "C without freezing, 
meaning that cellular death is not absolute until -44 °C is 
obtained. However, ultrasound only images the interface between 
water and ice, and there can be supercooled tissue inside the 
black, ultrasonically imaged ice ball. Also, there is acoustic 

20 shadowing, and the posterior side of the ice ball will cast a 
shadow laterally and anteriorly; thus, the true lateral and 
anterior extent of the ice ball will not be seen. Therefore, it 
is important to be able to monitor the temperature at the edges 
of the tissue to be treated to ensure that the target (fatal) 

25 temperature is attainable in some areas, and then a second 
freeze, or pull back of the probes, is necessary. It is also 
important not to freeze other structures adjacent to the tissue 
or organ being treated. For example, posterior to the prostate 
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is the anterior rectal wall. Freezing into the rectal wall will 
cause an urethrorectal fistula. 

In summary, while cryosurgical procedures offer real promise 
in certain applications, to realize that promise it is essential 
5 to accurately sculpt the desired freezing zone so as to envelope 
all of the desired area with the target temperature reduction but 
to not adversely effect adjacent structures. 

A major object of the present invention is to provide a 
cryosurgical integrated control and monitoring system and method 

10 to permit adequate freezing zones to be accurately sculpted 
within a living body without adversely effecting adjacent zones 
or structures. Another object of the present invention is to 
provide a temperature probe, preferably a percutaneous probe, 
that may be accurately located and employed to monitor the 

15 temperature within a small, defined zone within the body. A 
further object is to provide an improved stereotactic guide to 
assist in the accurate placement of cryogenic cooling and 
temperature monitoring probes. Another object is to provide a 
system with an integrated display to enable a surgeon to 

20 accurately and effectively control all significant aspects of a 
cryosurgical procedure within a living body. These and other 
objects of the present invention will be apparent to those 
skilled in this field from the following description of preferred 
embodiments . 



25 



Summary Of The Invention 

The invention provides a cryosurgical system and method 
for treating a defined internal region of a living body. It 
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incorporates and employs a unique temperature probe and a 
stereotactic guide for assisting in accurately placing the 
cryogenic and temperature probes within the body to be 
treated. 

5 The cryosurgical system includes means for cooling the 

defined internal area and means for measuring the temperature 
of the defined internal area as it is cooled. An ultrasonic 
subsystem is employed to illuminate the defined internal area 
being cooled and displays an ultrasonic image produced as a 

10 result of the ultrasonic illumination. The system also 

displays the temperature of the defined internal area being 
cooled thereby to permit the cooling to be accurately 
controlled. Preferably the ultrasonic image and the 
temperature data are displayed in the same visual field, and 

15 the temperature display presents the measured temperature at 
successive moments over a recent time interval including the 
current interval. Also, preferably the means for measuring 
temperature includes a plurality of percutaneous temperature 
probes and the cooling means includes a plurality of cooling 

20 probes, all to permit the cryogenic system to cool and monitor 
a defined internal area of most any desired shape within a 
living body. Further, preferably the cryogenic system 
includes means to maintain the temperature of at least a 
portion of the living body within the defined internal area 

25 and means to record the displayed ultrasonic image and 
temperature information. 

The cryogenic method for treating a defined internal 
region of a living body includes the steps of cooling the 
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defined internal area of the body as the temperature is 
measured, and ultrasonically illuminating the defined internal 
area then displaying an ultrasonic image of the illuminated 
area as it is being cooled. It may also include displaying 
the ultrasonic image and temperature information in the same 
visual field* The temperature information may be displayed at 
each successive moment over a recent time interval including a 
current interval. Further, it may include the steps of 
recording the displayed ultrasonic image and temperature 
information and, if desired, maintaining the temperature of at 
least a portion of the living body within the defined internal 
area. 

The temperature probe preferred for use in the present 
invention is designed to measure the temperature of a small 
defined internal area of a living body. The probe includes an 
elongated hollow tube having two ends, the two being closed at 
its distal end. A canister is attached to the proximal end of 
the tube. A device for measuring temperature and producing an 
electrical signal is received within the tube and is 
positioned adjacent to the distal end of the tube. An 
electrical conductor extends from the temperature measuring 
device through the tube and canister to provide, external of 
the probe, an electrical signal representative of the 
temperature in the region adjacent the tip of the probe. 
Preferably the probe also includes means for sealing the 
canister and probe so that they may be sterilized and are 
suitable for use percutaneously in measuring the temperature 
of an internal area of a living body without producing 
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infection. Also, preferably at least the distal end of the 
tube is a good thermal conductor. The probe may further 
include a trocar, the inner diameter of which is slightly 
larger than the outer diameter of the elongated hollow tube to 
5 assist in accurately placing the temperature probe within a 
living body. Further, the tube may include an echogenic 
coating or markings to aid in its ultrasonic visualization and 
placement, or incorporate an echogenic marking defining the 
region of the tube within which is positioned the temperature 

10 measuring device. In the preferred embodiment, the 

temperature measuring device is a T-type thermocouple. 

The improved stereotactic guide preferably employed in 
the cryogenic system is designed to assist in accurately 
placing cryogenic probes and temperature probes within a 

15 defined internal area of a living body. The guide includes a 
frame with a frame block moveable along the frame, the frame 
block receiving at least one guide bar. The guide bar is 
movably attached to the frame block and has, at one end, a 
guide block. The guide block includes means for accurately 

20 guiding a temperature probe or a cryogenic probe along a 

predefined path. The guide also includes means for orienting 
the guide block relative to a defined location in the living 
body. In the preferred construction of the stereotactic 
guide, the orienting means is a sleeve for receiving the 

25 cylindrical body of an ultrasonic probe that is passed through 
an orifice in the body and employed to illuminate the defined 
internal area to be treated. Preferably the frame block is 
adjustable and may be fixed a defined distance from the 
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orienting means, and the guide bar is moveable through the 
frame block along an axis generally parallel to that defined 
by the orienting means. 



Brief Description Of The Drawing 
5 The invention will be further described with reference to 

the accompanying drawings in which: 

Figure 1 is a schematic diagram of the cryosurgical 
system; 

Figure 2 is a cross-sectional view of a portion of a 
10 human body showing portions of the cryosurgical system in 
place; 

Figure 3 is a lateral view of a portion of a human body 
showing positions of the cryosurgical system in place; 

Figure 4 is a cross-sectional view taken on lines IV- IV 
15 of Figure 2; 

Figure 5 is a longitudinal cross-sectional view of one 
preferred construction of a temperature probe; 

Figure 6 is a longitudinal cross-sectional view of 
another preferred construction of a temperature probe; 
20 Figure 7 is a perspective view of the stereotactic guide; 

Figure 8 is an elevational view of the stereotactic 
guide; and 

Figure 9 illustrates the preferred form of visual display 
produced by the system- 
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petailed Description 

The various components of the preferred cryosurgical 
system for treating a defined internal area of a living body 
are shown in Figure 1. Figures 2 and 3 illustrate the 
5 placement of portions of the Figure 1 system , particularly its 
various probes, in a defined region of a human body, 
specifically in a prostate gland. Of course, the system could 
be employed to cryogenically treat most any other defined 
internal area of a living body, such as to treat liver, 

10 breast, eyeball, or brain tissue or tonsils for example. 
The cryosurgical system includes various major 
components. Specifically, as shown in Figure 1, it 
incorporates a cryogenic cooling system 2 such as the 
AccuProbe System of Cryomedical Sciences Inc. of Rockville, 

15 Maryland. That system controls the circulation of liquid 

nitrogen from a reservoir 4 through a control system 6 to a 
plurality of cryogenic probes 8. In the AccuProbe System 
these probes are 3 mm. in diameter and are made of 304 
stainless steel. While only two probes are shown in Figure 1, 

20 the system is capable of separately controlling the flow to 
five probes and, in many cryogenic surgical operations, all 
five probes will be used. 

The cryosurgical system also includes an ultrasonic 
system 12 such as that made by Aloka Ultrasound of 

25 Wallingsford, Connecticut. The ultrasonic system generally 

includes an ultrasonic signal generator and processor 14 that 
is connected to an ultrasonic probe 16 to cause it to generate 
ultrasonic vibrations at window 18 and to receive those 
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vibrations at window 20. These received vibrations are 
converted to electrical vibrations that are supplied to 
processor 14 over connector 22. Connected to processor 14 is 
a display device 24, such as a CRT monitor, and a recording 
device 26 such as a video cassette recorder. 

The cryogenic system further includes an integrated data 
processor 30 connected to a temperature data acquisition 
system 32 over line 33. The temperature data acquisition 
system also electrically isolates the patient from the rest of 
the electronics. The data processor, in the current version 
of the system, is a Dell computer with a 486 DXS CPU, 8 
megabytes of RAM, a 200 megabyte hard drive, an appropriate 
8.9 cm, 1.44 megabyte floppy drive, and a tape backup. The 
data acquisition system in turn is connected by lines 34 to 
temperature probes 36. Again, while only two temperature 
probes are shown in the preferred system a greater number of 
probes often will be used. The data processor 30 is also 
electrically connected to the ultrasonic signal processor 14 
through line 38 thereby to receive ultrasonic image 
information. A display device 40, such as a CRT monitor, is 
connected to the data processor 3 0 to display an image which 
preferably incorporates both the ultrasonic image and 
temperature data in a fashion that will be described shortly. 
The monitor 40 preferably is a SVGA non-interlaced monitor 
driven by a Snap Plus video card offered by Cardinal 
Technology of Lancaster, Pennsylvania and located at the data 
processor 30. A recorder 42, such as a VCR, is also connected 
to the data processor 3 0 to receive and record the visual 
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information displayed on monitor 40 for future reference if 
desired. 

The data processor may be loaded with appropriate 
software, including DOS 6.0, Microsoft Windows 3.1 and the Lab 
5 View program offered by National Instruments of Austin, Texas. 
This program is appropriately initiated to present the 
information subsequently described herein. 

Finally, the preferred embodiment of the cryosurgical 
system includes one or more temperature probes 50 that are 

10 connected to one or more hand held, battery powered meters 52 
(such as the meter offered by Omega Engineering Inc. of 
Stanford, Connecticut) through one or more lines 54 to insure 
that, should operational problems be encountered with either 
the ultrasonic system 12 or the temperature data acquisition 

15 system 32, or with data processor 30 or monitor 40, the 
operator of the system will still be able to monitor 
temperatures sufficiently to close down the cryogenic 
treatment in a controlled fashion. Conveniently, these meters 
may be mounted on or received in an appropriate holder that 

20 supports them on or adjacent monitor 4 0 to be in the same 

visual field as the monitor's screen and to be easily watched 
by the system operator. 

As previously indicated, Figures 2 and 3 illustrate use 
of the system to treat a prostate gland. Figure 2 is a 

25 vertical cross-section through the medial plane of the lower 
torso region of a human male; Figure 3 is a lateral view 
through that region. In general, these views illustrate a 
prostate gland 60 surrounding a urethral tube 62 extending 
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from bladder 64 to the tip of penis 66. Also shown is anus 70 
and rectum 72. The cryogenic cooling probes 8 have been 
percutaneously placed into target locations within the 
prostate gland 60 preferably using a stereotactic guide which 
will be described shortly. Also, temperature probes 36 have 
been placed adjacent to the prostate gland, usually by using 
that stereotactic guide. 

For a cryogenic surgical procedure, the preferred 
placement of the cryogenic probes and temperature probes is 
shown in Figure 4 , which is a cross-section taken along lines 
IV- IV of Figure 2. The cryogenic probes 8 have been placed in 
the prostate gland 60 about the urethral tube 62 equally 
spaced about a target circle about half way between that tube 
and the outer surface of the gland. Preferably they are 
located to apply cryogenic cooling to the mid-portion of the 
gland, although if the gland is enlarged it may be necessary 
to first place the probes closer to the bladder, then later 
during the treatment to move them away from the bladder 
thereby to treat the remaining, apex portion of the gland. 
The temperature probes 36 have been placed in and about the 
gland generally as shown, with three temperature probes 
preferably being placed in the critical region between the 
prostate gland and the adjacent wall of the rectum 72. The 
ultrasonic probe 16 has been placed through the anus and 
oriented such that its windows lie along the wall of rectum 72 
and face the prostate gland generally as shown in Figures 2 
and 3. 
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In general, during a cryosurgical treatment of a defined 
internal area of a living body the cryogenic probes are 
employed to cool that area to a fatal temperature, which 
generally is between -15 °C and -44 °C. It is important to 
5 monitor the temperature of the region surrounding the defined 
internal area to ensure that the target temperature (usually a 
fatal temperature) is attained. As cooling occurs, an ice 
ball will form in the area being cooled. To prevent this 
cooling from extending to other regions of the body it is 

10 necessary to monitor temperatures accurately. In particular, 
when treating a prostate gland, it is important to monitor the 
temperature between the gland and the wall of the rectum to 
ensure that the wall of the rectum is not cooled to a point 
where its viability is challenged, for this may result in a 

15 fistulae in the rectum wall. For that reason, one of 

temperature probes 36' is placed posterior to the gland and 
anterior to the wall of the rectum. It is also important to 
monitor growth of the ice ball as it forms in the prostate 
gland during cryogenic treatment to make sure that it extends 

20 from the base of the gland adjacent bladder 64 to its apex. 

Preferably temperature probe 36" is placed for that purpose. 

The preferred construction of the temperature probe 36 is 
shown in Figure 5. The probe consists of, preferably, a 
length of hypodermic tubing 82 preferably on the order of 0.9 

25 mm in outer diameter (i.e. 18 gauge tubing) made of 316 

stainless steel. It conveniently may be on the order of 20-23 
cm long. At its distal end 84 it is closed, such as by a 
small amount of 316 stainless steel solder, and sharpened for 
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percutaneous penetration into a defined area of a living body 
as previously indicated. The proximal end 86 of the tubing is 
received in a hollow cylindrical canister 88 also preferably 
made of 316 stainless steel. This canister may be on the 
5 order of 6.4 mm in diameter and 6.35 cm long. The proximal 
end of the tubing 82 preferably is attached to the end of 
canister 88 by a slug of cadmium free silver solder 90. AT- 
type thermocouple 92 is positioned in the distal end of tubing 
82 and is connected by wires 94 to cable 34 within the 

10 canister. After this connection has been made, and the 

thermocouple tested, preferably the canister is filled with an 
epoxy 98 or other suitable material. Cable 34 extends to an 
appropriate plug for connection to the temperature data 
acquisition system 32. By this construction, the temperature 

15 probe may be cold sterilized using Cidex without degradation. 
It may also be gas sterilized by ethylene oxide. 

The probe shown in Figure 5 is appropriate for placement 
laterally of the prostate gland such as shown in Figures 2-4. 
It is also desirable to have a probe designed for placement at 

20 the apex of the gland, such as probe 36' ' shown in Figure 3. 
A construction of such a probe 36' 9 is illustrated in Figure 
6. In general this construction is identical to that of the 
probe shown in Figure 5 except that end 84 ' terminates in 
point, the OD of the tubing is 1 mm or 1.7 mm as desired, and 

25 the length of tubing 82' is on the order of 13-15 cm. 

Placement of the temperature probe within a living body 
may be effected in various ways, many of which are 
conventional to cryosurgical procedures. For example, using 
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the ultrasonic probe and a thin needle located and directed by 
an appropriate stereotactic guide, such as subsequently 
described and shown. in Figures 7 and 8 herein, the needle is 
appropriately directed to a desired location within or 
5 adjacent the gland. Then it is surrounded by a trocar or 
sheath, after which the needle is withdrawn and a cooling 
probe or temperature probe inserted through the trocar to the 
desired location as appropriate. In general, the trocar 
consists of a hollow tube whose inner diameter is slightly 

10 larger than the outer diameter of tubing 82. Normally it is 
inserted percutaneously in the body, then the probe passed 
through it to cause the distal end 92 to project slightly 
beyond the end of the trocar, specifically a distance to 
unshield the thermocouple 92. 

15 In a preferred construction, the thermocouple is 

approximately 1 to 2 millimeters long. To ensure that the 
thermocouple is unshielded, and to aid in ultrasonic 
visualizations of the probe, preferably at least the distal 
portion of tubing 82 includes an echogenic coating 104 to 

20 enhance its ultrasonic image, and is marked by break 106 to 
identify the distal portion of tubing 82 that houses the 
thermocouple 84. The base portion 86 of the probe may be 
marked with graduations, and these graduations employed by the 
system operator when the tip of the probe is seen 

25 ultrasonically to begin to extend beyond the trocar, thereby 
to ensure that a sufficient length of the probe's tip is 
extended past the tip of the trocar. 
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When cryosurgically treating a prostate gland it is often 
desirable to circulate a warming fluid through the urethral 
tube. To this end, a catheter 108 is inserted through the 
penis and employed to circulate water warmed to about 44 
degrees centigrade through the urethral tube in the prostate 
to prevent a fatal temperature from being reached in its wall. 
An esophageal thermocouple also may be used to monitor the 
patient's body temperature and detect hypothermia. 

To place the various probes, particularly the temperature 
probes, preferably an improved stereotactic guide, such as 
shown in Figures 7 and 8, is employed. This guide consists of 
a frame 110 on which is mounted a frame block 112. More 
particularly, the frame 110 incorporates a slot 114 that 
receives the shaft of a screw 116 (shown in Figure 8 and 
preferably manufactured from plastic) the shaft of which is 
threaded into frame block 112. The head of screw 116 slides 
along the back surface of frame 110. Such movement 
conveniently may be effected using knurled knob 120 attached 
to a threaded shaft 122 that extends through a boss on frame 
block 112. The end 124 of the shaft is received and captured 
in an opening in boss 126 projecting from frame 110. Thus, by 
rotating knob 12 0 it is possible, through the threaded 
engagement of shaft 122 with frame block 112, to cause the 
frame block to slide up and down along frame 110. 

A guide bar 130, consisting of rods 132 held in a 
parallel spaced relationship by a proximal block 134, is 
received in and slides through openings 13 6 in frame block 
112. The distal ends of rods 132 are captured in a guide 
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block 140. A spring biased button 142 is received in block 
112 and includes a detent 14 3 that engages a notch 144 in rod 
132 to hold the guide bar in a retracted orientation as 
generally shown in Figure 8. A spring 145 is connected to the 
5 frame block by clamp 14 6 and to the proximal block 134 by 

clamp 148. The spring tends to pull proximal block 134 toward 
frame block 112 , but that motion is prevented while button 142 
engages the notch in rod 132 as described. 

At the base portion of frame 110 is a positioning block 

10 150. It consists of an upper shell 152 and a lower shell 154 
that are pivotally connected to one another by pivot pin 156. 
The shells are clamped to one another by lock nut 158 received 
on threaded shaft 160 that in turn is pivotally attached to 
upper shell 152 by pivot pin 162, the threaded shaft being 

15 received in a recess in both upper shell 152 and lower shell 
154 as shown. Preferably the enlarged base 164 of lock nut 
158 is received in an appropriately formed recess that 
encompasses more than a half circle of base 164, thereby to 
capture lock nut 158 and prevent it from moving out of this 

20 recess until it is turned down on threaded shaft 160 a 

distance to clear the bottom surface of lower shell 154. By 
this arrangement, the attachments of the shells to one another 
may be loosened to enlarge cylindrical opening 170 in shells 
152 and 154 without releasing shell 154. 

25 Opening 170 is slightly smaller than the outer diameter 

of the ultrasonic probe 16. Accordingly, by loosening lock 
nut 158 the size of opening 170 may be enlarged sufficiently 
to permit the ultrasonic probe to be passed through opening 
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170 and into a portion of the body to be illuminated by the 
probe, such as through anus 70. When the ultrasonic probe has 
been appropriately positioned, lock nut 158 is turned down to 
clamp the upper and lower shells about the probe and to fix 
frame 110 relative to the probe. A series of graduations 172 
are provided on the back surface of the frame to permit the 
location of frame block 112 to be accurately or reproducibly 
located and positioned on frame 110 using marking 174 provided 
on the back surface of the frame block, this positioning being 
effected by turning knurled knob 120 to cause its threaded 
shaft to drive frame block 112 up and down as described. 

Guide block 140 includes a cylindrical opening 180 in its 
face that is closed by a sheet metal slide 182 shaped to 
envelope the guide block and to be movable up and down along 
the guide block to expose or close cylindrical opening 180 as 
desired. 

By this configuration of the improved stereotactic guide, 
the various cryoprobes and temperature probes that are desired 
to be used during the cryosurgical operation can each be 
accurately placed percutaneously within a body. Specifically, 
and again with reference to the prostate gland treatment 
generally illustrated in Figures 2 and 3, the guide is clamped 
around ultrasonic probe 16 and located to orient cylindrical 
opening 180 at various predetermined distances spaced from the 
ultrasonic probe. The probes are then passed through 
cylindrical opening 180 , this opening for example guiding the 
shaft 82 of the temperature probe 3 6 along a path parallel to 



WO 96/37158 PCT/US95/06826 

18 

the ultrasonic probe to permit its accurate percutaneous 
placement within the body. 

This placement is selected and monitored using the 
cryogenic system shown in Figure 1. Specifically, in one 
5 approach first the ultrasonic probe is placed within the 

rectum and used to illuminate the prostate gland. To separate 
the rectal wall from the prostate gland, the tip of the 
ultrasonic probe may be moved and depressed against the 
posterior wall of the rectum. This method tends to pull the 

10 rectum off the prostate and is also utilized during freezing. 
Using the Onik Dilator Set (manufactured by Cook Urologic 
Company) , 18 gauge needles with trocars are placed in various 
desired positions within the prostate gland. Five such 
needles are generally used; the stereotactic guide and 

15 ultrasound are employed to properly guide the needle 

placement. After each needle is placed, the trocar is 
removed, and a .8 mm diameter guide wire is passed through the 
needle and into the prostate with ultrasound monitoring. The 
needle is then backed off of the guide wire and removed. 

20 After all five guide wires are placed dilators with backloaded 
sheaths are placed over each guide wire and ultrasonically 
guided and positioned into the prostate gland. Ultimately, 
five cryogenic probes will be passed through the sheaths into 
the prostate. After all the sheaths are in place, then the 

25 previously used 18 gauge needles with the trocars are 

ultrasonically, and with freehand, placed at the (1) right 
neurovascular bundle, (2) left neurovascular bundle, and (3) 
at the 6:00 o'clock position between the rectum and posterior 
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prostate. The longer 0.035 thermocouples are then passed 
through the 18 gauge needles and into the desired depth, again 
using ultrasonic guidance. Two of the shorter thermocouples 
are placed freehand without the use of the 18 gauge needles, 
but with the use of ultrasound. 

After placement of the probes, the cryogenic system 2 is 
actuated to gradually cause an ice ball to form and completely 
envelope the prostate gland. As this ice ball is forming, its 
nature and shape is displayed on monitor 40 as generally 
indicated in the image or visual field presented in Figure 9. 
Specifically, in the preferred arrangement an ultrasonic image 
window 202 is provided that shows, as a blackened area, the 
gradual growth of the ice ball. Window area 204 preferably 
also is provided to present the equivalent of a strip chart 
display of the recent temperatures detected by the various 
temperature probes 36 connected to acquisition system 32. 
Also, preferably in a window area such as at 206 various 
current temperature readings and other information are 
presented to the user of the system. 

Thus, the various controls of cryogenic control system 6 
may be manipulated to cause the ice ball to gradually grow and 
to sculpt the fatal temperature region to the shape of the 
gland, thereby to cryogenically kill the prostate gland. If 
desired, control system 6 also may be connected to data 
processor 30 to provide information about the degree of 
cooling being applied to and by the various cryogenic probes, 
and this information used to predict the extent of cooling (or 
zone of fatal temperature) that will result. Although the 
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aforementioned prediction has not yet been accomplished, it 
appears to be a likely extension of this invention. 

If the prostate is significantly enlarged, it may be 
necessary first to cause the ice ball to form in an area 
5 nearest bladder 64, then to move the cryogenic and temperature 
probes back somewhat to cause the ice ball to extend to the 
apex of the gland. Once the prostate gland or other defined 
internal region has been cooled to a fatal temperature, the 
cryosurgical system is shut down. After the ice ball has 

10 stopped growing the cooling probes may be removed and the 

temperature monitored until the ice ball gradually begins to 
dissipate. Then the temperature probes may be removed 
together with the ultrasonic probe to conclude the operation. 
Thereafter the patient will experience ablation of the tissue 

15 areas that have attained a fatal temperature. The system and 
procedure achieves radical cryosurgical ablation of the target 
area and gives positive assurance that a fatal temperature has 
been attained at the outer portions of the target area. It 
also permits the freezing zone to be sculpted for the desired 

20 pattern but to be terminated before freezing occurs beyond the 
target area. 

Tests have indicated that this cryosurgical procedure is 
an effective modality for prostate carcinomas, even carcinoma 
modules extending somewhat beyond the prostate but connected 
25 to the prostate by the patient's circulatory system. Many 

believe that this procedure will replace radical prostectomy 
and other, similar procedures. The cryosurgical system and 
method, together with probes and improved guide, described 
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herein provide a convenient and effective way to achieve such 
procedures . 

Various changes and modifications in the preferred system 
and components can be envisioned. For example, a temperature 
and/or thermocouple probes may be curved to better treat 
better various organs such as tonsils and liver tissue. The 
temperature thermocouples may use "RTD" thermistors which are 
apparently even more reliable and accurate than thermocouples. 
The software and procedures for use may be modified to ensure 
accurate calibration of the thermocouples and data acquisition 
system. The cryogenic cooling system, and particularly its 
control system, may generate data that is supplied to the 
integrated data processor for display on monitor 4 0 and 
possibly even for prediction of the ice ball resulting from a 
particular application and cooling. 
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CLAIMS 

1. A cryosurgical system to permit treatment of 
living tissue, said system including: 

means for cryosurgically cooling a defined internal 
area of a living body; 

means for measuring a temperature within the defined 
5 internal area of the living body as it is cryosurgically 
cooled by said cooling means; 

means for ultrasonically illuminating the defined 
internal area of the living body as it is cooled by the 
cryosurgically cooling means; 
10 display means for displaying an ultrasonic image of 

the defined internal area illuminated by the ultrasonic 
illuminating means as the defined internal area is 
cryosurgically cooled; and 

display means connected to the temperature measuring 
15 means for displaying the temperature of the defined 
internal area as the internal area is cryosurgically 
cooled. 

2. A cryosurgical system as set forth in claim 1 
in which the ultrasonic display means and the temperature 
display means present the displayed information in the 
same visual field • 



3 . A cryosurgical system as set forth in claim 1 
in which the temperature display means presents the 
measured temperature at each successive moment over a 
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predetermined time interval including the current 
5 interval . 



4. A cryosurgical system as set forth in claim 1 
in which the means for measuring the temperature includes 
a plurality of percutaneous temperature probes. 

5. A cryosurgical system as set forth in claim 1 
in which the means for cooling the defined internal area 
cryosurgical ly kills tissue in the defined area. 



6. A cryosurgical system as set forth in claim 1 
in which the means for cooling the defined internal area 
includes a plurality of percutaneous cooling probes to 
apply cryosurgical cooling to a non-spherical area 

5 defined by the number and placement of the probes. 

7. A cryosurgical system as set forth in claim 1 
where the means for measuring the temperature within the 
defined internal area includes a temperature probe 
characterized by: 

5 an elongated hollow tube having a distal end and a 

proximal end, the tube being closed and sharpened to a 
point at its distal end; 

a canister attached to the proximal end of the tube; 
means received within the tube and positioned 
10 adjacent its distal end for measuring a temperature and 
producing an electrical signal; and 



WO 96/37158 PCT/US95/06826 

24 

an electrical conductor extending through the tube 
and canister and connected to the temperature measuring 
means to provide an external signal representative of the 
15 temperature measured by the temperature measuring device. 



8. A cryosurgical system as set forth in claim 7 
wherein at least the distal end of the tube of said 
temperature probe is a thermal conductor. 



9. A cryosurgical system as set forth in claim 7 
wherein said temperature probe is further characterized 
by a hollow needle, the internal diameter of which is 
slightly larger than the outer diameter of the elongated 

5 hollow tube to assist in accurately placing the probe 
within the living body. 

10. A cryosurgical system as set forth in claim 7 
wherein the tube of said temperature probe has an 
ectogenic coating to aid in the placement of the probe 
within the living body. 



11. A cryosurgical system as set forth in claim 7 
wherein said temperature measuring means of said 
temperature probe is a thermocouple. 

12. A cryosurgical system as set forth in claim 1 
wherein the means for measuring the temperature within 
the defined area includes a temperature probe, said 
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system further including a stereotactic guide for 
5 assisting in placing said probe within the living body, 
said guide characterized by: 
a frame; 

a frame block moveable along the frame; 
means for driving the frame block along the frame; 
10 at least one guide bar; 

means attaching the guide bar to the frame block; 
a guide block attached to one end of the guide bar, 
the guide block including means for accurately guiding 
said temperature probe along a predefined path; and 
15 means for orienting the guide block relative to the 

defined location in the living body. 

13 . A cryosurgical system as set forth in claim 12 
wherein the means for orienting the guide block includes 
a pair of shells shaped to define between them a space 
for receiving an ultrasonic probe, the shells being 

5 pivotal ly attached to one another to permit the receiving 
space to be enlarged or reduced as desired, one shell 
having a threaded shaft pivotally connected thereto, a 
nut being threadably received on the threaded shaft, the 
other shell including a recess to capture the nut thereby 

10 to hold the shells together as the nut is turned on the 
threaded shaft to enlarge or reduce the receiving space. 

14 . An improved stereotactic guide as set forth in 
claim 13 wherein the means for accurately guiding the 
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temperature probe along a predefined path is aligned 
along a path that is parallel to the longitudinal axis of 
5 the receptacle for the ultrasonic probe. 



15. A method for cryosurgically treating a defined 
internal area of a living body comprising the steps of: 

cooling the defined internal area of the living 

body; 

5 measuring the temperature within the defined 

internal area as it is cooled; 

ultrasonically illuminating the defined internal 
area as it is cooled; and 

monitoring and controlling the cooling applied to 
10 the defined internal area. 

16. A cryosurgical method as set forth in claim 15 
including the step of displaying in the same visual field 
both an ultrasonic image of the illuminated area as it is 
cooled and the temperature of the defined internal area 

5 as it is cooled. 



17. A cryosurgical method as set forth in claim 15 
including the step of displaying the current temperature 
at multiple regions within the defined internal area. 

18. A cryosurgical method as set forth in claim 15 
including the step of displaying the measured temperature 
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at successive moments over a predetermined time interval 
including the current time interval, 

19. A cryosurgical method as set forth in claim 15 
including the step of cooling at least a portion of the 
defined internal area to a fatal temperature. 

20. A cryosurgical method as set forth in claim 15 
in which the cooling step sculpts the cooling region to 
match the defined internal area. 



■1 > I 



WO 96/37158 PCT/US95/06826 



1/5 




SUBSTITUTE SHEET (RULE 26) 



WO 96/37158 



PCT/DS95/06826 




SUBSTITUTE SHEET (RULE 26) 



WO 96/37158 



4/5 



PCT/DS95/06826 



//O 



Y-/26 



no 



f/6 



/52- 



/54 





/20 



SUBSTITUTE SHEETfRULE 26) 



WO 96A37158 



PCT/US95/06826 



5/5 



204 



20S 



40 




202 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/06826 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61B 17/36 
USCL :606721 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 606720-27 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
none 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
none 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US/ A 5,334,181 (RUBINSKY ET AL.) 02 August 1994, see 
entire document. 



US, A 4,802,475 (WESHAHY) 07 February 1989, see entire 
document. Note figure 5. 

US, A 4,946,460 (MERRY ET AL.) 07 August 1990, see 
entire document. 



1-2, 4-6, 15-17, 
19-20 

3,18 

1-5, 15-20 
1-5, 15-20 



Further documents are fisted in the continuation of Box C. ^ See patent family annex. 



to bo port of pBrtmhr idswnOB 



"O" 
.p. 



cited to etfabti* the 
-on(H 



b of (be art which fa not coooidorad 

■r fro ha atMtfa— I fafag die 
en priority ckfatfi) or which fa 



p rinciple or tooory uaderiyog the 



•x* 



the churned arv 



referring *> •» osml 



of _ 
to involve an 



bdnf ohvfcwato • penon dulled m the mst 



(he priority 



r of Owe 



Date of the actual 
31 JULY 1995 



completion of the international search 



Date of mailing of the international search report 



1 6 AUG 1995 



Name and mailing address of the ISA/US 
Commraoner of Patents and Trtdemarics 
Box PCT 

Wuhmgtoo, D.C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

MICHAEL PEFFLEY ^ 
Telephone No. (703) 308-43OS 



Form PCT/IS A/210 (second sheetKJuly 1992)* 



